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ION BEAM ANGLE MEASUREMENT 
SYSTEMS AND METHODS FOR ION 

IMPLANTATION SYSTEMS 

FIELD OF INVENTION 

The present invention relates generally to semiconductor 
device fabrication and ion implantation, and more particu 
larly, to calibrating, detecting and/or modifying an ion beam 
incident angle, directionally, during setup or in situ. 

BACKGROUND OF THE INVENTION 

Ion implantation is a physical process that is employed in 
semiconductor device fabrication to selectively implant 
dopant into semiconductor and/ or Wafer material. Thus, the 
act of implanting does not rely on a chemical interaction 
betWeen a dopant and semiconductor material. For ion 
implantation, dopant atoms/molecules are ioniZed, acceler 
ated, formed into a beam, analyZed, and sWept across a Wafer, 
or the Wafer is sWept through the beam. The dopant ions 
physically bombard the Wafer, enter the surface and come to 
rest beloW the surface, at a depth related to their energy. 
An ion implantation system is a collection of sophisticated 

subsystems, each performing a speci?c action on the dopant 
ions. Dopant elements, in gas or solid form, are positioned 
inside an ioniZation chamber and ioniZed by a suitable ion 
iZation process. In one exemplary process, the chamber is 
maintained at a loW pressure (vacuum). A ?lament is located 
Within the chamber and is heated to the point Where electrons 
are created from the ?lament source. The negatively charged 
electrons are attracted to an oppositely charged anode also 
Within the chamber. During the travel from the ?lament to the 
anode, the electrons collide With the dopant source elements 
(e.g., molecules or atoms) and create a host of positively 
charged ions from the elements in the molecule. 

Generally, other positive ions are created in addition to 
desired dopant ions. The desired dopant ions are selected 
from the ions by a process referred to as analyZing, mass 
analyZing, selection, or ion separation. Selection is accom 
plished utiliZing a mass analyZer that creates a magnetic ?eld 
through Which ions from the ioniZation chamber travel. The 
ions leave the ioniZation chamber at relatively high speeds 
and are bent into an arc by the magnetic ?eld. The radius of 
the arc is dictated by the mass of individual ions, speed, and 
the strength of the magnetic ?eld. An exit of the analyZer 
permits only one species of ions, the desired dopant ions, to 
exit the mass analyZer. 
An acceleration system is employed to accelerate or decel 

erate the desired dopant ions to a predetermined momentum 
(e.g., mass of an dopant ion multiplied by its velocity) to 
penetrate the Wafer surface. For acceleration, the system is 
generally of a linear design With annular poWered electrodes 
along its axis. As the dopant ions enter therein, they are 
accelerated therethrough. 

HoWever, a number of potential problems can occur during 
ion implantation procedures that can damage and/ or destroy 
semiconductor devices being fabricated. One potential prob 
lem encountered during ion implantation is an unacceptable 
degree of electrical charging (Wafer charging) of the Wafer 
surface. For example, an ion beam can carry excessive posi 
tive charges that charge or buildup on a Wafer surface. The 
positive charge can draW neutraliZing electrons from the sur 
face, the bulk, the beam, structures, layers, and the like and 
degrade or destroy such components. Additionally, excessive 
charge buildup can cause voltages and/ or current to be 
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2 
applied to semiconductor device components in an uncon 
trolled manner thereby damaging the device components. 

Another potential problem encountered during ion implan 
tation is an incorrect angle of implantation. Generally, an ion 
implantation is performed at a speci?c angle With respect to a 
Wafer surface. If a calibration error or angular error is present 
(e.g., process equipment is not calibrated properly) the ion 
implantation can be performed at a different angle, location 
and/or depth than intended. Such errors can undesirably 
modify the implantation pro?le, fail to dope certain areas, 
implant dopants into unintended areas, damage device struc 
tures, dope to an incorrect depth, and the like. 

SUMMARY OF THE INVENTION 

The folloWing presents a simpli?ed summary in order to 
provide a basic understanding of one or more aspects of the 
invention. This summary is not an extensive overvieW of the 
invention, and is neither intended to identify key or critical 
elements of the invention, nor to delineate the scope thereof. 
Rather, the primary purpose of the summary is to present 
some concepts of the invention in a simpli?ed form as a 
prelude to the more detailed description that is presented later. 
The present invention facilitates semiconductor device 

fabrication by detecting or measuring angle of incidence val 
ues for incident ion beams and optionally correcting angular 
errors before and/ or during ion implantation procedures. The 
present invention employs slot arrays comprised of structures 
having one or more slots de?ned therein. The slot arrays 
select positive and negative portions of an incident ion beam, 
Which are then measured to obtain positive and negative angle 
beam current measurements. An angle of incidence value, 
such as an average or median angle of incidence, can be 
determined from the obtained positive and negative angle 
beam current measurements. Alternately, adjustments in the 
ion implantation process or system can be made to balance the 
positive and negative angle beam current measurements so 
that, for example, they are about equal. 
The slots Within the slot arrays are shaped such that angles 

less than, for example, about Zero are blocked While a selected 
range of angles in a particular direction are permitted to pass. 
Then, a portion of an ion beam passes through the slots and is 
measured to obtain beam current in the particular direction. 
Other slot arrays are present With slots that also block angles 
less than, for example, Zero While permitting angles of the 
selected range to pass, but in a direction opposite the particu 
lar direction. Another portion of the ion beam passes through 
the other slot arrays and is measured to obtain beam current in 
an opposite direction. This permits beam current measure 
ments in opposite directions to be obtained and alloWs deter 
mination of a measured angle of incidence. 

In accordance With an aspect of the present invention, angle 
of incidence measurements along an axis of ion implantation 
are obtained by employing positive and negative slot struc 
tures. The positive slot structures have entrance openings, exit 
openings, and slot pro?les there betWeen that obtain portion 
(s) of an ion beam having a selected range of angles in a 
positive direction. The negative slot structures have entrance 
openings, exit openings, and slot pro?les there betWeen that 
obtain portion(s) of the ion beam having the selected range of 
angles in a negative direction. A ?rst beam measurement 
mechanism measures beam current of the positive portion to 
obtain a positive angle beam current measurement. A second 
beam measurement mechanism measures beam current of the 
negative portion to obtain a negative angle beam current 
measurement. Alternately, a single beam measurement 
mechanism can obtain measurements at different times. An 
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analyzer component employs the positive angle beam current 
measurement and the negative angle beam current measure 
ment to determine a measured angle of incidence. Other 
systems, methods, and detectors are also disclosed. 

To the accomplishment of the foregoing and related ends, 
the invention comprises the features hereinafter fully 
described and particularly pointed out in the claims. The 
folloWing description and the annexed draWings set forth in 
detail certain illustrative aspects and implementations of the 
invention. These are indicative, hoWever, of but a feW of the 
various Ways in Which the principles of the invention may be 
employed. Other objects, advantages and novel features of 
the invention Will become apparent from the folloWing 
detailed description of the invention When considered in con 
junction With the draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A is a top vieW of the angle detector in accordance 
With an aspect of the present invention. 

FIG. 1B is a cross sectional side vieW of the ion beam angle 
detector in accordance With an aspect of the present invention. 

FIG. 2 is a cross sectional vieW of an exemplary slot struc 
ture for selecting a portion of an incident ion beam according 
to a selected range of angles in accordance With an aspect of 
the present invention. 

FIG. 3 is a graph illustrating a beam current difference for 
pairs of slots in accordance With an aspect of the present 
invention. 

FIG. 4 is a perspective vieW of an exemplary end station for 
an ion implantation device in accordance With an aspect of the 
present invention. 

FIG. 5 is a diagram illustrating a perspective vieW of an end 
station for an ion implantation system in accordance With an 
aspect of the present invention. 

FIG. 6 is a plan vieW of a con?guration of slot arrays on a 
process disk in accordance With an aspect of the present 
invention. 

FIG. 7A is a top vieW of the exemplary slot array in accor 
dance With an aspect of the present invention. 

FIG. 7B is a cross sectional vieW of an exemplary slot array 
along the A-A line of FIG. 7A. 

FIG. 8A is a top vieW of an exemplary slot array in accor 
dance With an aspect of the present invention. 

FIG. 8B is a cross sectional vieW of an exemplary slot array 
along the A-A line of FIG. 8A. 

FIG. 9A is a top vieW of an exemplary slot array in accor 
dance With an aspect of the present invention. 

FIG. 9B is a cross sectional vieW of an exemplary slot array 
along the A-A line of FIG. 9A. 

FIG. 10 is a How diagram illustrating a method of obtaining 
angle of incidence values in accordance With an aspect of the 
present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention Will noW be described With reference 
to the attached draWings, Wherein like reference numerals are 
used to refer to like elements throughout. It Will be appreci 
ated by those skilled in the art that the invention is not limited 
to the exemplary implementations and aspects illustrated and 
described hereinafter. 

The present invention facilitates semiconductor device 
fabrication and ion implantation by detecting or measuring 
angle of incidence values for incident ion beams and option 
ally correcting angular errors before and/ or during ion 
implantation procedures. The present invention employs slot 
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arrays comprised of structures having one or more slots 
de?ned therein. The slot arrays select positive and negative 
portions of an incident ion beam, Which are then measured to 
obtain positive and negative angle beam current measure 
ments. An angle of incidence value, such as an average or 
median angle of incidence, can be determined from the 
obtained positive and negative angle beam current measure 
ments. Altemately, adjustments in the ion implantation pro 
cess or system can be made to balance the positive and nega 
tive angle beam current measurements so that, for example, 
they are about equal. 

FIGS. 1A and 1B depict an ion beam incident angle detec 
tor 100 in accordance With an aspect of the present invention. 
The angle detector 100 is operable to measure and determine 
angle of incidence values for an incident ion beam in a ?rst 
and second direction. The angle detector 100 can be 
employed in both single and batch ion implantation systems. 
Also, the angle detector 100 can be employed on its oWn or 
With additional angle detectors. Additionally, the angle detec 
tor 100 can be employed for setup, calibration, and/or during 
ion implantation to correct and/ or select suitable ion implan 
tation angles. 

FIG. 1A is a top vieW of the angle detector 100 in accor 
dance With an aspect of the present invention. The vieW is 
provided for illustrative purposes and is not intended to limit 
the present invention. Other con?gurations of angle detectors 
are permitted in accordance With the present invention. 
The angle detector 100 comprises a structure 102 having a 

?rst slot 104 and a second slot 106 de?ned there through. The 
?rst slot 104 and the second slot 106 are not typically sym 
metrical and the ?rst slot can also be referred to as or part of 
a ?rst asymmetric mask and the second slot 106 can also be 
referred to as or part of a second asymmetric mask. The ?rst 
slot 104 passes only a ?rst portion in a ?rst direction of an 
incident ion beam and the second slot 106 passes only a 
second portion in a second direction of the incident ion beam. 
The second direction is opposite that of the ?rst direction. 
The structure 102 is typically comprised of a conductive 

material such as a metal (e. g., aluminum) and is connected to 
ground. Alternately, the structure 102 can be biased to some 
other voltage value and still be in accordance With the present 
invention. 
The ?rst slot 104 and the second slot 106 have a length 110 

and a Width 112. Typically, the length 110 is su?icient to 
completely include an incident ion beam. Alternately, the 
length 110 can be less, but may require sWeeping the beam 
through the slots 104 and 106, sWeeping the slots 104 and 106 
through the beam, or an array of slots (not shoWn) in order to 
measure the incident angles of the beam. The ?rst slot 104 has 
a blocked portion 116 that limits or prevents passage of a 
portion of the ion beam there through. An open portion having 
a Width 114 alloWs ions Within a selected range of incident 
angles to pass there through. Similarly, the second slot 106 
has a blocked portion 118 that limits or prevents passage of 
another portion of the ion beam there through. An open por 
tion has the same Width 114 and alloWs ions from the ion 
beam Within a selected range of incident angles to pass there 
through. 
The detector 100 typically samples the entire beam in both 

dimensions to obtain a suitable representation of the entire 
beam. HoWever, it is appreciated that alternate aspects can 
measure only a subset of the entire beam, for example, so as 
to determine an angle for a center of a beam. The slots 104 and 
106 can be of a variety of suitable shapes and siZes. The slots 
104 and 106 can be long in one dimension to provide coverage 
of an entire height of a beam, but sWept across a Width of the 
beam. Alternately, the slots 104 and 106 can be smaller in 
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both dimensions than an ion beam requiring sweeping of the 
beam or slots in both dimensions. Other variations in siZes of 
slots and numbers of slots employed are contemplated in 
alternate aspects of the invention. 

FIG. 1B is a cross sectional side vieW of the ion beam angle 
detector 100 in accordance With an aspect of the present 
invention. Here, an incident ion beam 128 is depicted passing 
through the angle detector 100. 

The ?rst slot 104 is shoWn With an entrance opening or 
aperture 120 and an exit opening 122. The ?rst slot 104 has a 
slot pro?le de?ned betWeen the entrance opening 120 and the 
exit opening 122 and has a height 113. The siZe and shape of 
the entrance opening 120, the siZe and shape of the exit 
opening 122, and a pro?le of the slot there betWeen determine 
a ?rst selected range of angles for Which ions of the ion beam 
128 may pass through. Generally, angles less than Zero are 
blocked. However, other blocking angles, such as +3 degrees 
or —5 degrees, can also be employed. The ?rst slot 104, as an 
example, is depicted in FIG. 1B as having a linear or straight 
slot pro?le from the entrance opening 120 to the exit opening 
122. A height of the ?rst slot 104 is shoWn as 113. 
The second slot 106 is also shoWn With an entrance opening 

121 and an exit opening 123. The second slot 106 has a slot 
pro?le de?ned betWeen the entrance opening 121 and the exit 
opening 123 and has the height 113. The siZe and shape of the 
entrance opening 121, the siZe and shape of the exit opening 
123, and a pro?le of the slot there betWeen determine a second 
selected range of angles for Which ions of the ion beam 128 
may pass through. The second slot 106, as an example, is 
depicted in FIG. 1B as having a linear or straight slot pro?le 
from the entrance opening 121 to the exit opening 123. A 
height of the second slot 106 is also shoWn as 113. 

It is noted that ranges of angles and subsequent measure 
ments are also referred to as positive and negative angles in 
order to facilitate understanding of the present invention. 
HoWever, it is noted that such terminology is not restricted to 
only positive or negative angles. 
A ?rst charge measurement device 124, such as a faraday, 

biased pickup, and the like, measures beam current for a ?rst 
portion 130 of the ion beam 128 according to the ?rst selected 
range of angles. The ?rst charge measurement device 124 is 
positioned adjacent to or at a distance doWnstream from the 
exit opening 122 of the ?rst slot 104. 
A second charge measurement device 126 measures beam 

current for a second portion 132 of the ion beam 128 accord 
ing to the second selected range of angles. The second charge 
measurement device 126 is positioned adjacent to are at a 
distance doWnstream from the exit opening 123 of the second 
slot 106. It is noted that in alternate aspects of the invention, 
a single charge measurement device can be employed to 
obtain both measurements by obtaining the measurements at 
slightly different times. 
A ?rst measurement obtained by the ?rst charge measure 

ment device 124 indicates or represent beam current in a ?rst 
direction. A second measurement obtained by the second 
charge measurement device 126 indicates or represents beam 
current in a second direction, Which is opposite the ?rst. 
An analyZer component (not shoWn) can determine an 

average or median angle of incidence value(s) for the incident 
ion beam 128 according to the ?rst and second measurements. 
The analyZer component (not shoWn) can, for example, be 
comprised of a processor based system or logic circuit that 
receives the ?rst and second beam current measurements and 
determines the angle of incidence value. The analyZer com 
ponent (not shoWn) can employ the siZe and shapes of the 
entrance openings 120 and 121, the siZe and shapes of the exit 
openings 122 and 123, the slot pro?les for the ?rst and second 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
slots 104 and 106, the heights 113 of the slot pro?les, and the 
like in order to determine the angle of incidence value(s). 

Additionally, in one example, the analyZer component can 
determine values such as the ?rst beam current measurement 
subtracted by the second beam current measurement and then 
divided by the total measured beam current and then correlate 
the determination With an angle of incidence value. As 
another example, the analyZer component can determine a 
values such as the ?rst beam current measurement divided by 
the second beam current measurement and then correlate the 
determination With an angle of incidence value. As yet 
another example, the analyZer component can determine val 
ues such as the ?rst beam current measurement subtracted by 
the second beam current measurement and then divided by a 
sum of the ?rst beam current measurement and the second 
beam current measurement and then correlate the determina 
tion With an angle of incidence value. 

The angle of incidence value(s) can then be employed as 
feedback and used to correct and/or adjust the ion beam 128. 
For example, the beam 128 can be adjusted With respect to a 
target device, the target device can be adjusted With respect to 
the beam 128, or both in order to obtain a desired angle of 
incidence of the ion beam 128 With respect to the target 
device. 

FIG. 2 is a cross sectional vieW of an exemplary slot struc 
ture 200 for selecting a portion of an incident ion beam 
according to a selected range of angles in accordance With an 
aspect of the present invention. 
The structure 200 includes a slot 202 formed therein With 

an entrance opening 212 and an exit opening 214. The slot 
202 can comprise an asymmetric mask itself or in combina 
tion With other slots. In operation, the selected portion of the 
incident ion beam enters the entrance opening 212 and sub 
sequently exits the slot 202 through the exit opening 214. 
Subsequently, a beam current measurement device (not 
shoWn) measures beam current of the selected portion of the 
ion beam. The beam current measurement device (not shoWn) 
is positioned doWnstream of the slot 202. It is noted that the 
direction of propagation can be reversed, thereby entering the 
exit opening 214 and exiting through the entrance opening 
212 instead and still be in accordance With the present inven 
tion. 

The slot 202 has a minimum Width 204 and a height 206. 
Typically, the aspect ratio, Which is height/Width should be 
greater than 1 and yield an acceptance angle phi 210, Which is 
equal to arctan (Width/height). The acceptance angle phi 210 
is generally not much greater than a maximum expected 
angular spread of an incident ion beam, consistent With an 
adequate signal-to-noise ratio. The acceptance angle is a cut 
off angle, Where if the beam is parallel and is coming in at an 
angle greater relative to the normal of the slot opening, no 
beam goes through the slot. The angle phi 210 can also be 
smaller than or about equal to the angular spread of the 
incident ion beam. As an example, a slot having an aspect 
ratio 13.3 to 1 has a cutoff angle of about +/—4.3 degrees. An 
asymmetric angle theta 208 is typically greater than or about 
equal to a maximum angle betWeen the ion beam and the 
detector (not shoWn) and is also greater than the acceptance 
angle phi 210. 

FIG. 3 is a graph 300 illustrating a beam current difference 
for pairs of slots in accordance With an aspect of the present 
invention. Positive slot(s), such as shoWn in FIG. 2 and FIGS. 
1A to 1B select a ?rst portion of an incident ion beam With a 
positive range of angles. Negative slots select a second por 
tion of the incident ion beam With a negative range of angles. 
Positive angle beam current is measured for the positive slot 
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(s) and negative angle beam current is measured for the nega 
tive slot(s), such as by using one or more Faraday cups. 

The positive and negative slots have an aspect ratio, height 
divided by Width, of about 10 to 1. These slots can measure 
angle offset, for a given angular spread, for up to 5 or more 
degrees. HoWever, angular spread of a beam is not alWays 
knoWn. For an angular spread from 0.2 to 3 degrees, as an 
example, it can be seen from FIG. 3 that if the (pos-neg)/ 
total:0.5, the angle can be estimated to be 3 degrees +/—0.2 
degrees. 

The graph 300 depicts beam average angle in degrees on an 
x-axis and depicts a measured current ratio on a y-axis. The 
measured current ratio, in this example, is equal to a differ 
ence betWeen the positive and negative measured beam cur 
rents divided by a total beam current incident on positive and 
negative slots. 
A ?rst line 304 depicts beam average angle for an incident 

ion beam having about a 0.20 degree beam spread angle. A 
second line 306 depicts beam average angle for another inci 
dent ion beam having about a 0.70 degree beam spread angle. 
A third line 308 depicts beam average angle for an incident 
ion beam having about a 1.50 degree beam spread angle. A 
fourth line 310 depicts beam average angle for yet another 
incident ion beam having about a 2.00 degree beam spread 
angle. A ?fth line 312 depicts beam average angle for another 
incident ion beam having about a 3.00 degree beam spread 
angle. A sixth line 314 depicts beam average angle for another 
incident ion beam having about a 5.00 degree beam spread 
angle. 

The graph 300 demonstrates, in this example, that a 10.0 to 
1 aspect ratio alloWs beam angles of up to 3 degrees to be 
measured Within 0.2 degree for beam spreads up to 2 degrees. 
It is appreciated that the present invention contemplates other 
aspect ratios and can be employed With ion beams having 
other beam spread angles than those described above. 

Continuing on With FIG. 4, a perspective vieW of an exem 
plary end station 400 for an ion implantation device is 
depicted in accordance With an aspect of the present inven 
tion. The end station 400 is operable to be calibrated and 
adjusted in situ in accordance With the present invention. The 
end station 400 permits and performs substantially accurate 
ion implantation procedures therein facilitating semiconduc 
tor device fabrication. 

The end station 400 typically includes a process chamber 
402 and a chamber mount 401, Which support the process 
chamber 402. The process chamber 402 comprises a process 
disk 404 that holds a number of Wafers 406 and ?exible 
stainless belloWs 408 alloW the end station to about one or 
more axis With respect to the ion beam. The Wafers 406 are 
located on the process disk Within a scan/process area or 
region in Which an ion beam can pass into during an implan 
tation procedure. The process disk 404 is rotatable about 
orthogonal axes 410, 412 (an alpha axis and a beta axis) that 
are related to process disk tilt and tWist. During operation of 
a typical ion implantation process, the process disk rotates 
about an axis of rotation 414 at speeds that can vary upon the 
particular device being fabricated and the ion implantation 
being performed. An exemplary rotational speed is 1200 rota 
tions per minute (rpm), hoWever other suitable rotational 
speeds can be employed and still be in accordance With the 
present invention. During operation of an ion implantation 
process, an ion beam 420 is scanned across the process disk 
404 in a vertical direction 410. Thus, the ion beam 420 is 
sWept across the Wafers 406, Which are located in the area 
scanned by the ion beam. 
The process disk 404 additionally includes one or more slot 

arrays 422, also referred to as asymmetric masks, that permit 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 
beamlets of the ion beam 420 to pass there through according 
to a range of selected angles and a direction. A beam current 

measurement device(s) (not shoWn), such as a Faraday cup, 
measures the beam current for the beamlets that pass through 
the one or more slot arrays 422. The beam current measure 

ment device(s) along With the slot arrays 422 operate as 
directional angle detectors. The measured beam current or 
charge is a function of the ion beam’s 420 angle With respect 
to the process disk in a positive or negative direction. 

The slot arrays 422 can be located Within the scan area or, 
alternately, can be located in an area reachable by the ion 
beam 420 but outside of the typical scan/process area. Typi 
cally, but not necessarily, a portion of the slot arrays 422 are 
designated positive and permit measurement of charge or 
beam current for the selected angles in a positive direction. 
Similarly, another portion of the slot arrays 422 are desig 
nated negative and permit measurement of charge or beam 
current for the selected angles in a negative direction. As a 
result, the negative and positive measurements can be com 
pared or otherWise analyZed in order to determine a direction 
ofthe ion beam 420. 

Semiconductor device fabrication processes typically 
include ion implantation procedures that require perfor 
mance/implantation at speci?c angles. As stated supra, the 
process disk 404 is rotatable about an alpha axis 410 and the 
beta axis 412 that may be related to the tWist and tilt of the 
Wafer, respectively. This property permits a Wafer to be 
implanted at a controlled angle by modifying alpha and beta 
angles, associated With the alpha axis 410 and the beta axis 
412, respectively. Prior to performing an ion implantation 
process, the process disk 404 can be calibrated, generally for 
alpha and beta angles of Zero that represent a beam normal to 
the Workpiece. A number of suitable mechanisms can be 
employed to perform this calibration. 
One suitable mechanism is to perform a number of ion 

implants on a set of test Wafers and compare the actual 
implants to expected implants. A series of implants at a num 
ber of varied alpha and beta angles are performed on the test 
Wafers in order to identify and/ or correct angular error. The 
test Wafers are special grade Wafers speci?cally developed 
(e.g., from the same crystal boule) for testing and cannot be 
later used to fabricate semiconductor devices. As a result, this 
mechanism of calibration can be expensive in terms of time 
and materials. The depth of the implant as Well as other 
characteristics and/or features that vary With implant depth 
and position of features such as channeling features can be 
measured and/or otherWise obtained. These measurements, 
once obtained for the varied alpha and beta angles, can be 
compared against each other and expected/desired results to 
determine if a calibration and/or angular error is present. A 
number of suitable measurement techniques can be employed 
to measure these features. One is to directly measure the 
implant features via a scanning electron microscope, scatter 
ometry, ellip sometry, re?ectometry and the like. Another is to 
measure sheet resistance, Which varies With implant depth for 
a given dose. Other suitable techniques can also be employed. 
The obtained measurements are compared With expected 
results to determine if there exists a calibration error, also 
referred to as an angular error, and if so, determines alpha and 
beta calibration factors that can then be applied to calibrate 
alpha and beta values of Zero. Subsequently, a veri?cation test 
can be performed to verify that the calibration Was appropri 
ate. If the veri?cation fails, another calibration is then per 
formed, and so on until satisfactory calibration is achieved. 
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Another suitable mechanism is to employ the slot arrays 
422 in order to calibrate the process disk 404. The slot arrays 
422 have an aspect ratio selected to facilitate accuracy and 
signal to noise ratio. 

Subsequent to calibration, an ion implantation process can 
be performed. If test Wafers Were employed for calibration, 
the process Wafers are noW inserted onto the process disk 404; 
otherWise the process Wafers are already in place. Once the 
ion implantation process has begun, the measurements from 
the slot arrays 422 provide feedback data. From this feedback 
data, measured charge/ current for positive and negative direc 
tions can be employed to determine an angle of incidence 
along an axis, such as 420. This determined angle of inci 
dence value can then be compared to an expected or desired 
angle of incidence value. If variations exist, adjustments and/ 
or corrections can be performed during ion implantation 
Without halting the implantation process. 

FIG. 5 is a diagram illustrating a perspective vieW of an end 
station 500 for an ion implantation system in accordance With 
an aspect of the present invention. The end station 500 per 
mits and performs substantially accurate ion implantation 
procedures therein facilitating semiconductor device fabrica 
tion. 

The end station 500 includes a process disk 502 and a disk 
faraday 504. The process disk 502 holds a plurality of Wafers 
(e. g., test Wafers, process Wafers, and the like) and rotates 
With a selected rotational speed. The process disk 502 
includes a number of slot arrays or asymmetric masks, such as 
described above, that permit beamlets from an ion beam 506 
having a selected range of angles and direction to pass there 
through. The disk faraday 504, such as a triple surface disk 
faraday, is located behind the process disk 504 and measures 
beam current for the beamlets. The beam current measured is 
based on charged ions that pass through the slot arrays as 
described above. 

The disk faraday 504 is stationary or alternatively may 
rotate With the process disk and can be employed for dosage 
control during or prior to performing an ion implantation 
procedure. Additionally, the faraday 504 can be employed to 
measure beam current through one or more angle detectors in 
accordance With the present invention. It is noted that aspects 
of the present invention can include other charge measure 
ment devices instead of or in place of the disk faraday 504. 

Turning noW to FIG. 6, a plan vieW of a con?guration of 
slot arrays on a process disk 600 in accordance With an aspect 
of the present invention is illustrated. The slot arrays, also 
referred to as asymmetric masks, permit portions of an inci 
dent ion beam to pass there through and be measured accord 
ing to angle content and direction. 

In the con?guration illustrated, a ?rst slot array 602, a 
second slot array 604, a third slot array 606, and a fourth slot 
array 608 are located Within a scan-able range of an ion 
implantation area for process Wafers on a process disk 610.As 
an example, the ?rst slot array 602 and the third slot array 606 
can be designated as positive, Which means that they permit 
portions of the incident ion beam Within a range of selected 
angles in a positive direction to pass there through. Continu 
ing the example, the second slot array 604 and the fourth slot 
array 608 can be designated as negative, Which means that the 
permit portions of the ion beam Within a range of selected 
angles and in a negative direction to pass there through. 
Beam current measurements are obtained for portions of 

the ion beam that pass through the slot arrays to obtain direc 
tional beam current measurements. In the above example, the 
?rst slot array 602 and the third slot array 606 provide positive 
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angle beam current measurements and the second slot array 
604 and the fourth slot array 608 provide negative angle beam 
current measurements. 

The beam current measurements can then be compared to 
determine an actual angle of incidence value and direction of 
that angle. If the ion beam is normal to the process disk 600, 
the negative and positive angle beam current measurements 
should be substantially equal. If they are not, the direction of 
the angle offset is positive if the positive angle beam current 
is higher than the negative angle beam current and negative if 
the negative angle beam current is higher than the positive 
angle beam current. 

It is noted that the con?guration shoWn in FIG. 6 is 
intended only as an example of many possible con?gurations 
in accordance With aspects of the present invention. For 
example, other suitable con?gurations may employ only a 
single slot array to obtain positive angle beam current and a 
single slot array to obtain negative angle beam current. Addi 
tionally, other aspects of the invention can employ multiple 
slots to detects positive and negative angle beam currents in 
both horiZontal and vertical (alpha and beta) directions. 

FIGS. 7A and 7B illustrate an exemplary slot array struc 
ture 700 in accordance With an aspect of the invention. The 
slot array 700, also referred to as an asymmetric mask, yields 
beamlets of an incident ion beam according to a selected 
range of angles in a positive direction. The slot array 700 can 
be employed in single or batch ion implantation systems. 

FIG. 7A is a top vieW of the exemplary slot array 700 in 
accordance With an aspect of the present invention. The slot 
array 700 is seen from the vieW of an incident ion beam. The 
slot array 700 includes a number of individual slots 702 
formed in the slot array 700. Although the vieW depicts four 
slots, the present invention contemplates any suitable number 
of slots Within a slot array. Shading is employed to indicate 
portions of the slots 702 that block passage of ions. 

FIG. 7B is a cross sectional vieW of the exemplary slot 
array 700 along the A-A line of FIG. 7A. Here, the slot array 
700 is again shoWn With a number of slots 702 formed therein. 
The slots 702 are de?ned in part by a beam discriminating 
structure 704 and have an entrance opening 706 and an exit 
opening 708 through Which portions or beamlets of the ion 
beam pass. 

Measurement devices 710 are positioned beloW or doWn 
stream from the slot array 700. The measurement devices 710 
measure charge or beam current for beamlets that have the 
selected range of angles in the positive direction and that pass 
through the slots 702. The measuredbeam current can then be 
employed, for example, to determine angles of incidence, 
including average, for the incident ion beam. 

FIGS. 8A and 8B illustrate an exemplary slot array struc 
ture 800 in accordance With an aspect of the invention, but for 
a negative direction. The slot array 800, also referred to as an 
asymmetric mask, yields beamlets of an incident ion beam 
according to a selected range of angles in a negative direction, 
opposite that of the positive direction describe above With 
respect to FIGS. 7A and 7B. The slot array 800 can be 
employed in single or batch ion implantation systems. 

FIG. 8A is a top vieW of the exemplary slot array 800 in 
accordance With an aspect of the present invention. The slot 
array 800 is seen from the vieW of an incident ion beam. The 
slot array 800 includes a number of individual slots 802 
formed in the slot array 800. Although the vieW depicts four 
slots, the present invention contemplates any suitable number 
of slots Within a slot array, including a single slot Within the 
array 800. Shading is employed to indicate portions of the 
slots 802 that block passage of ions. 
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FIG. 8B is a cross sectional vieW of the exemplary slot 
array 800 along the A-A line of FIG. 8A. Here, the slot array 
800 is again shoWn With a number of slots 802 formed therein. 
The slots 802 are de?ned in part by a beam discriminating 
structure 804 and have an entrance opening 806 and an exit 
opening 808 through Which portions or beamlets of the ion 
beam pass. 

Measurement devices 810 are positioned beloW or doWn 
stream from the slot array 800. The measurement devices 810 
measure charge or beam current for beamlets that have the 
selected range of angles in the negative direction and that pass 
through the slots 802. The measured beam current can then be 
employed, for example, to determine angles of incidence, 
including average, for the incident ion beam. 

FIGS. 9A and 9B illustrate yet another exemplary slot 
array structure 900 in accordance With an aspect of the inven 
tion. The slot array 900, also referred to as an asymmetric 
mask, yields beamlets of an incident ion beam according to a 
selected range of angles in a positive direction. The slot array 
900 can be employed in single or batch ion implantation 
systems. The slot array 900 provides the same positive angle 
selection as the slot array 700 of FIGS. 7A and 7B, but With a 
different structure. 

FIG. 9A is a top vieW of the exemplary slot array 900 in 
accordance With an aspect of the present invention. The slot 
array 900 is seen from the vieW of an incident ion beam. The 
slot array 900 includes a number of individual slots 902 
formed in the slot array 900. Although the vieW depicts four 
slots, the present invention contemplates any suitable number 
of slots Within a slot array. Shading is employed to indicate 
portions of the slots 902 that block passage of ions. 

FIG. 9B is a cross sectional vieW of the exemplary slot 
array 900 along the A-A line of FIG. 9A. Here, the slot array 
900 is again shoWn With a number of slots 902 formed therein. 
The slots 902 are de?ned in part by a beam discriminating 
structure 904 and have an entrance opening 906 and an exit 
opening 908 through Which portions or beamlets of the ion 
beam pass. The beam discriminating structure 904 de?nes a 
different shape for the slot 902. HoWever, the entrance open 
ing 906 and exit opening 908 yield the same angle discrimi 
nating properties as the slot 702 of FIGS. 7A and 7B. Mea 
surement devices 910 are positioned beloW or doWnstream 
from the slot array 900. 

FIG. 10 is a How diagram illustrating a method 1000 of 
obtaining angle of incidence values in accordance With an 
aspect of the present invention. The method 1000 can be 
employed for calibration and testing or to perform corrective 
adjustments during ion implantation processes. The method 
1000 is described With respect to determining angle of inci 
dence value(s) With respect to a single axis or direction, but 
can be extended to multiple axes. For example, the method 
1000 can be employed to obtain angle of incidence values in 
a fast scan axis, and/or a sloW scan axis. Additionally, the 
method 1000 can be employed in single and/or batch ion 
implantation systems. 

The method begins at block 1002, Wherein an ion implan 
tation process is initiated in Which an ion beam having a 
selected angle of incidence value is directed toWard a target. 
The ion implantation process includes any number of suitable 
ions or dopants employing in ion implantation processes. The 
ion beam is generated With a selected energy and dopant 
concentration, for example, according to a particular fabrica 
tion process. The selected angle of incidence is typically 
Within an operational range of the ion implantation system 
employed. As an example, the selected angle of incidence can 
be selected according to a particular fabrication process or a 
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calibration procedure. The target canbe a target Wafer, such as 
a product Wafer or test Wafer, or other target for calibration 
purposes. 
A positive slot array or positive asymmetric mask is pro 

vided that lies along the path of the incident ion beam, typi 
cally near the target at block 1004. The positive slot array 
obtains at block 1004 portion(s) of the ion beam having a 
selected range of angles in a positive direction, such as in a 
positive direction along a fast scan axis. The positive slot 
array comprises one or more slots, such as described in the 
?gures above, Which have entrance openings, exit openings, 
slot pro?les, and aspect rations. 
A negative slot array or negative asymmetric mask is pro 

vided that lies along the path of the incident ion beam, typi 
cally near the target at block 1006. The negative slot array 
obtains at block 1006 portion(s) of the ion beam having a 
selected range of angles in a negative direction, such as in a 
negative direction along a fast scan axis. The negative slot 
array comprises one or more slots, such as described in the 
?gures above, Which have entrance openings, exit openings, 
slot pro?les, and aspect rations. 
A positive beam measurement is obtained from the positive 

portion of the ion beam at block 1008. The positive beam 
measurement is obtained by employing a beam measurement 
device, such as a faraday cup doWnstream of the positive slot 
array. The positive beam measurement can include one or 
more individual measurements. 

Similarly, a negative beam measurement is obtained from 
the negative portion of the ion beam at block 1010. The 
negative beam measurement is obtained by employing the 
beam measurement device, or another beam measurement 
device located downstream of the negative slot array. The 
negative beam measurement can include one or more indi 
vidual measurements. 
The positive and negative beam measurements are 

employed at block 1012 to determine a measured angle of 
incidence. The positive beam measurement yields beam cur 
rent in the positive direction and the negative beam measure 
ment yields beam current in the negative direction. As a result, 
comparing both indicates Which direction, positive or nega 
tive, an ion beam is. By employing characteristics of the 
positive and negative slot arrays, such as aspect ratio, accep 
tance angle, and the like, a measured angle of incidence value 
can be determined. The measured angle of incidence can, for 
example, be an average or median value. 
Once the average angle has been determined, the angular 

spread can be estimated, for example, by looking at current in 
one slot divided by the total current. If all the currents through 
the positive slots are summed, and the same With the incident 
currents, then once the entire beam average angle has been 
determined, the beam angular spread can be estimated. 
The measured angle of incidence is compared With the 

selected angle of incidence at block 1014 to determine one or 
more corrective adjustments, if necessary, for the ion implan 
tation process. For example, if the measured angle of inci 
dence is 1.5 degrees and the selected angle of incidence yields 
2.5 degrees, an adjustment, such as in the tilt axis and/or tWist 
axis of a batch process system can be performed. Addition 
ally, the measured angular spread can be compared or ana 
lyZed With suitable angular spread values to determine cor 
rective adjustments for the ion beam With respect to the 
angular spread. 
The corrected adjustments are applied at block 1016. This 

can involve adjusting, for example, a tilt angle of a process 
disk are adjusting an outgoing angle of the ion implantation 
system. Additionally, the adjustments canbe veri?ed by again 
measuring the positive and negative direction beam currents 
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as above to determine a neW measured angle of incidence and 
to determine if it is close enough to the selected angle of 
incidence. Also, corrective adjustments for angular spread 
can be performed on the ion beam. 

It is appreciated that the method 1000, as Well as variations 
thereof, can be further appreciated With reference to other 
?gures of the present invention. Additionally, the method 
1000 and description thereof can also be employed to facili 
tate a better understanding of other aspects of the invention 
described above. 

While, for purposes of simplicity of explanation, the 
method 1000 is depicted and described as executing serially, 
it is to be understood and appreciated that the present inven 
tion is not limited by the illustrated order, as some aspects 
could, in accordance With the present invention, occur in 
different orders and/or concurrently With other aspects from 
that depicted and described herein. For example, the negative 
beam measurement obtained at block 1010 can occur prior to 
the positive beam measurement obtained at block 1008. 
Moreover, not all illustrated features may be required to 
implement a methodology in accordance With an aspect the 
present invention. 

Although the invention has been illustrated and described 
With respect to one or more implementations, equivalent 
alterations and modi?cations Will occur to others skilled in 
the art upon the reading and understanding of this speci?ca 
tion and the annexed draWings. In particular regard to the 
various functions performed by the above described compo 
nents (assemblies, devices, circuits, systems, etc.), the terms 
(including a reference to a “means”) used to describe such 
components are intended to correspond, unless otherWise 
indicated, to any component Which performs the speci?ed 
function of the described component (e. g., that is functionally 
equivalent), even though not structurally equivalent to the 
disclosed structure Which performs the function in the herein 
illustrated exemplary implementations of the invention. In 
addition, While a particular feature of the invention may have 
been disclosed With respect to only one of several implemen 
tations, such feature may be combined With one or more other 
features of the other implementations as may be desired and 
advantageous for any given or particular application. Also, it 
is noted that the term exemplary as used herein is to be 
interpreted only as an example. Furthermore, to the extent 
that the terms “including”, “includes”, “having”, “has”, 
“With”, or variants thereof are used in either the detailed 
description and the claims, such terms are intended to be 
inclusive in a manner similar to the term “comprising.” 

What is claimed is: 
1. An ion implantation system comprising: an ion source 

that generates an ion beam; a beam line assembly that 
receives the ion beam from the ion source and processes the 
ion beam; and an angle detector that receives the ion beam 
from the beam line assembly comprising: a ?rst unitary struc 
ture having a slot there through, the slot comprising an 
entrance opening, an exit opening, and a slot pro?le betWeen 
the entrance opening and the exit opening forming a blocking 
angle, Wherein the entrance opening and the exit opening 
have different shapes or different dimensions With respect to 
one another, and/or the slot pro?le has a shape according to a 
selected range of angles in a ?rst direction, Wherein the slot 
selectively passes through a portion of the ion beam accord 
ing to the selected range of angles in the ?rst direction; and a 
?rst sensor mechanism that receives the portion of the ion 
beam that passes through the ?rst unitary structure exit open 
ing and obtains a beam current measurement of the portion. 
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2. The system of claim 1, further comprising an end station 

located doWnstream of the beam line assembly, that holds a 
target Wafer. 

3. The system of claim 2, Wherein the end station further 
comprises a process disk onto Which the structure of the angle 
detector is mounted. 

4. The system of claim 2, Wherein the end station is a single 
Wafer end station. 

5. The system of claim 1, Wherein the slot pro?le is trian 
gular shaped. 

6. The system of claim 1, Wherein the entrance opening is 
larger than the exit opening. 

7. The system of claim 1, Wherein the exit opening is larger 
than the entrance opening. 

8. The system of claim 1, Wherein the angle detector further 
comprises: 

a second unitary structure having a second slot there 
through, the second slot comprising an entrance open 
ing, an exit opening, and a slot pro?le betWeen the 
entrance opening and the exit opening, Wherein the 
entrance opening and the exit opening have different 
shapes or different dimensions With respect to one 
another and/ or the slot pro?le has a shape according to a 
selected range of angles in a second direction opposite 
the ?rst direction, Wherein the second slot selectively 
passes through a second portion of the ion beam accord 
ing to the selected range of angles in the second direc 
tion; and 
a second sensor mechanism that receives the second 

portion of the ion beam that passes through the second 
unitary structure exit opening and obtains a second 
beam current measurement of the second portion of 
the ion beam. 

9. The system of claim 8, further comprising an analyZer 
component that obtains the beam current measurement from 
the sensor mechanism and the second beam current measure 
ment from the second sensor mechanism and determines a 
measured angle of incidence of the incident ion beam at least 
partially from the ?rst beam current measurement and the 
second beam current measurement. 

10. The system of claim 9, Wherein the beam line assembly 
adjusts an angle of incidence of the ion beam With respect to 
the target location according to a selected angle of incidence. 

11. The system of claim 10, Wherein the measured angle of 
incidence is about equal to the selected angle of incidence. 

12. An ion beam angle detector for ion implantation sys 
tems comprising: a ?rst unitary structure having a slot there 
through, the slot comprising an entrance opening, an exit 
opening, and a slot pro?le betWeen the entrance opening and 
the exit opening forming a blocking angle, Wherein the 
entrance opening and the exit opening have different shapes 
or different dimensions With respect to one another, and/ or the 
slot pro?le has a shape according to a selected range of angles, 
in a ?rst direction, Wherein the slot selectively passes through 
a portion of the ion beam according to the selected range of 
angles in the ?rst direction; and a ?rst sensor mechanism 
con?gured to receive the passed portion of the ion beam that 
passes through the ?rst unitary structure exit opening and 
measure beam current of the portion of the ion beam. 

13. The angle detector of claim 12, Wherein the sensor 
mechanism comprises a charge collector. 

14. The angle detector of claim 12, Wherein the structure is 
comprised of a conductive material and is connected to 
ground. 




